Since June 2007 the Liulin-5 charged particle telescope, located in the spherical tissue-equivalent phantom of the MATROSHKA-R project onboard the International Space Station (ISS), has been making measurements of the local energetic particle radiation environment. From 27 December 2011 to 09 March 2013 measurements were conducted in and outside the phantom located in the MIM1 module of the ISS. In this paper Liulin-5 dose rates, due to galactic cosmic rays and South Atlantic Anomaly trapped protons, measured during that period are presented. Particularly, dose rates and particle fluxes for the radiation characteristics in the phantom during solar energetic particle (SEP) events occurring in March and May 2012 are discussed. Liulin-5 SEP observations are compared with other ISS data, GOES proton fluxes as well as with solar energetic particle measurements obtained onboard the Mir space station during previous solar cycles.
Introduction
Humans are exposed to the impact of natural ionizing radiation at any given time anywhere in outer space. Ionizing radiation can induce a variety of harmful biological effects. Thus, it is necessary to quantitatively assess the level of exposure as a basis for estimating the radiation hazard during various manned space activities. Currently, the manned space vehicle, the International Space Station (ISS), is equipped with detectors that monitor the radiation environment in it and around it related to the crew's health. The ISS is located in low-Earth orbit (LEO) where the radiation environment is complex, being composed of galactic cosmic rays (GCRs), trapped particle radiation in the form of Earth's radiation belts, solar energetic particles (SEPs), albedo particles from Earth's atmosphere as well as secondary radiation produced in the shielding materials of the spacecraft and in the human body (Wilson et al. 2002) .
GCRs are highly energetic charged particles that originate from sources beyond our Solar System. They are thought to be accelerated at highly energetic sources like neutron stars and supernovae within our Galaxy. Energies of GCRs range from several tens up to 10 12 MeV nucleon
À1
. The GCR spectrum consists of 98% protons and heavier ions (baryon component) and 2% electrons and positrons (lepton component). The baryon component is composed of 87% protons, 12% helium ions (alpha particles) and 1% heavy ions (Simpson 1983) . Up to 1 GeV the flux and spectra of GCR particles are strongly influenced by the solar activity and hence show modulations that are anti-correlated with solar activity (Davis et al. 2001; O'Neill 2006; Nymmik 2007) .
The biological impact of space radiation to humans depends strongly on the particle's linear energy transfer (LET) and is dominated by high LET radiation. Especially important is the effect of the high energy heavy ion component of GCRs (typically referred to as high Z and energy (HZE) particles). Consequently, HZE particles possess high LET and are highly penetrating in the human body, which provides them with a large potential for radiobiological damage (Cucinotta et al. 2004 ). The deep and prolonged minimum of the descent phase of solar cycle 23 produced a high flux level of GCRs, including a flux of iron ions nearly 20% higher than that observed in the previous solar minima (Mewaldt et al. 2010) .
Other components of the incident radiation field at the ISS orbit are the trapped protons and electrons of Earth's radiation belts (Sawyer & Vette 1976; Vette 1991) . The trapped protons of the inner radiation belt have energies up to a couple of hundreds of MeV and contribute a large fraction of the dose rates outside and inside the ISS. The trapped protons are encountered by LEO spacecraft in the region of the South Atlantic Anomaly (SAA). Although only about 5% of the mission time of the ISS is spent in the SAA, the astronauts may collect more than 50% of their total absorbed dose during this short time period (Apathy et al. 2007; Semkova et al. 2013a ). The electrons of the inner and outer radiation belts have energies up to several MeV. These electrons are easily stopped before penetrating the spacecraft interior by the self-shielding of the spacecraft and are mainly of concern to an astronaut in a spacesuit during an EVA (Extra-Vehicular Activity) (De Angelis et al. 2004) . Relativistic electrons, the so-called ''killer electrons'', accelerated in the inner magnetosphere under certain conditions also contribute substantially to the doses obtained during EVAs .
A sporadic radiation component in the ISS orbit are the SEPs. They consist of protons, electrons, helium ions, and HZE ions with energy ranging from a few tens of keV to GeV and the intensity can reach 10 4 cm À2 s À1 sr
. It is now widely agreed that SEPs come from two different sources with different acceleration mechanisms working: solar flares themselves release impulsive short-duration events while the coronal mass ejection (CME) shocks produce gradual events (Cliver & Cane 2002) . The most intense long-duration SEP events, also with the highest energies, are produced by CME-driven shocks. Electrons with energies of~0.5 to 1 MeV arrive at the Earth, usually traveling along interplanetary field lines, within tens of minutes to tens of hours. Protons with energies of 20-80 MeV arrive within a few to~10 h, although some high energy protons can arrive in as early as 20 min. SEP events are relatively rare and occur most often during the solar maximum phase of the 11-year solar cycle. SEP events can influence the radiation situation in LEO in two ways. The first one is the well-known direct penetration of SEPs into the magnetosphere. Only particles with energies higher than the geomagnetic cut-off energy can penetrate into the ISS orbit. The time scale of such phenomena is about one-two days (Golightly et al. 1992; Lobakov et al. 1992) . The second way is an increase of the trapped particle flux when SEP particles act as an additional source of particles for trapping and subsequent radial diffusion in the inner magnetosphere. During some geomagnetic conditions SEPs can penetrate in the inner belt region and be trapped there (Shurshakov et al. 1996; Dachev et al. 1998 ). In such cases the SEPs can change dramatically the radiation environment at LEO. After the SEP event on 19 October 1989, followed by a great geomagnetic storm, the Liulin radiometer-dosimeter onboard the Mir space station registered a second proton belt peaking at L = 3 .
Dose characteristics in LEO depend also on many other parameters such as the solar cycle phase, spacecraft orbit parameters, helio-and geophysical parameters.
For the estimation of the organ doses due to the complex particle radiation environment that the ISS is situated in, measurements in models of the human body (tissue-equivalent phantoms) are essential for radiation risk analysis. Recently two experiments with phantoms have been conducted on the Russian segment of the ISS: the MATROSHKA-R international experiment and the ESA Project MATROSHKA with an anthropomorphic phantom (Dettmann et al. 2007; Reitz & Berger 2007; Shurshakov et al. 2008; Reitz et al. 2009 ). The experiment MATROSHKA-R includes the Russian spherical tissue-equivalent phantom (Kartsev et al. 2005) , equipped with passive radiation detectors and active instruments for studies of the depth dose distribution at various sides of the organs of a human body exposed to cosmic radiation. Liulin-5 (e.g. ) is an active instrument in the Russian spherical tissue-equivalent phantom. The long-term goal of the Liulin-5 experiment is to study the radiation quantities in the phantom during the changing solar cycle. Results for GCR and trapped proton dose rates, particle fluxes and dose equivalent rates in the phantom from the Liulin-5 experiment obtained during the declining phase of the 23rd solar cycle from June 2007 to 2009 can be found in , Semkova et al. ( , 2013a Semkova et al. ( , 2013b and Dachev et al. (2011) . No SEP events were observed during that time.
The aim of this paper is to present new measurements from the Liulin-5 experiment that concern the maximum of the 24th solar cycle and to compare this new time period with that of the previous study. In Section 2 the Liulin-5 experiment and methodology are presented. Results pertaining to the different particle sources (GCR, trapped protons, SEP events) are presented in Section 3. Liulin-5 dose rate results are also compared with dose rate observations made by other detectors during SEP events. The paper ends with a Conclusion.
The Liulin-5 method and instrument
The ISS Liulin-5 telescope module is comprised of three silicon detectors D1, D2, and D3 (instrument shown in Fig. 1 ). When measurements are taken inside the phantom, the Liulin-5 particle telescope is mounted inside the largest diameter channel of the phantom (Fig. 2) . The detector's axis is along the phantom's radius. The D1 detector is at 40 mm, D2 is at 60 mm, and D3 is at 165 mm distance from the phantom's surface. The position of D1 and D2 in the phantom corresponds approximately to the shielding of the blood forming organs (BFOs) in the human body, while D3 is placed very close to the phantom's center. This arrangement allows measuring the depth-dose distribution along the sphere's radius. More detailed description of the Liulin-5 method and instrument can be found in Semkova et al. ( , 2013a .
Investigation of the ionization radiation environment by the Liulin-5 experiment onboard the ISS has two objectives: (i) measurement of the depth distributions of the energy deposition spectra, flux and dose rates, and absorbed dose D while in the phantom, and measurement of the same parameters in each detector, while outside the phantom; (ii) measurement of the LET spectrum in silicon, and then calculation of the LET spectrum in water and the quality factor Q, according to the Q(L) relationship given in ICRP 60 (ICRP 1991) , where L stands for LET. For radiation protection the quality factor (Q) was introduced to describe the different biological effectiveness of the different radiation types. The biologically significant dose equivalent is obtained as the absorbed dose is weighted by the given quality factor.
The first stage of the Liulin-5 experiment on the ISS took place from June 2007 to June 2010, corresponding to very quiet solar conditions during the deep minimum of the 23rd solar cycle. Liulin-5 was mounted in the PIRS module of the ISS. The second stage of the Liulin-5 experiment has been conducted on the ISS since 27 December 2011 in order to obtain data for the radiation conditions during solar activity increase in the 24th cycle. From 27 December 2011 to 09 March 2013 the Liulin-5 instrument was located in the MIM1 module of the Russian Segment (RS) of the ISS. Measurements both inside and outside the phantom were performed during the second stage of the Liulin-5 experiment.
Result and discussions
The results presented here originate from the second stage of the Liulin-5 experiment and cover the time interval 27 December 2011 to 09 March 2013. They include flux and dose rates, the obtained average quality factors (Q av ), and the dose equivalent values during quiet conditions (e.g. no SEP events) and during SEP events.
As mentioned above, during the second stage of the Liulin-5 experiment, the telescope alternated from being located inside the phantom to outside the phantom. Table 1 .
Panels 205, 206, and 207 are on the right board of the MIM1 module. The sketch of panels on the right board of MIM1 is presented in Figure 3 . Figures 1-3 show that there may be differences in the Liulin-5 detector shielding from the surrounding materials while it was behind the different panels in MIM1. Presently we have no data about those differences (if any).
Dose rates outside and inside the phantom
The high time resolution (20 s in SAA and 90 s outside it) of the particle flux and the dose rate data allows for detailed mapping of their distribution along the ISS orbit. The switching between 90 s and 20 s resolution is made automatically, according to a built-in criterion based on the measured particle flux F1 in the D1 detector .
The geographical distribution of the dose rate, measured by detector D3 inside and outside the phantom, is shown in the two panels of Figure 4 , where X-axis is the longitude, Y-axis is the latitude, and the dose rate intensity is color coded. , while outside the phantom the maximum dose rate in the SAA is 713 lGy h
À1
. As can be expected the SAA region has different shape and area for the different types of measurements. Outside the SAA the lowest doses from GCRs (0.36 lGy h À1 inside the phantom and 0.4 lGy h À1 outside it) are obtained near the equator, the highest values of 9-10 lGy h À1 are measured at high geographic latitudes for both inside and outside the phantom.
In Figure 5 the average dose rate distribution measured by detector D3 for the entire interval from 27 December 2011 to 09 March 2013 is plotted (data are averaged for periods of ) are about 1.7 times less than outside the phantom (200-240 lGy day À1 for the time interval 21 May-11 September 2012). This decrease is mainly due to the selfshielding of the phantom against the SAA trapped protons. The SAA dose rates are 120-160 lGy day À1 outside the phantom and 50-70 lGy day À1 near the center of the phantom. The GCR dose rates are 70-85 lGy day À1 (about 1.2 times the maximal difference). The lowest values of the GCR dose rate are in July-August 2012 (when the detector module was located outside the phantom). In Figure 5 the Oulu neutron monitor count rate data (http://cosmicrays.oulu.fi) is plotted for the same period (green curve). It is clearly shown that the behavior of the GCR dose rate is consistent with the Oulu neutron monitor count rate and that the dose rates from GCRs On the X-axis is the longitude, on the Y-axis is the latitude, the dose rate intensity is color coded, the small white quadrates indicate the lack of measurements. are practically not affected by the phantom self-shielding. The result confirms our previous investigations that the doses from GCRs at different depths inside the phantom are practically the same and depend mainly on the solar activity (solar max or solar min), but not on the self-shielding of the phantom (Semkova et al. , 2013a In 2012 a number of SEP events occurred (23 January, 27 January, 07 March, 13 March, 17 May, 27 May, 16 June, 07 July, 12 July, 17 July, 01 September, 28 September), for which GOES proton > 10 MeV flux exceeded the threshold of 10 part cm À2 s À1 sr À1 (see http://www.swpc.noaa.gov/ ftpdir/indices/SPE.txt). However, only the event of March 07 led to significant changes in the radiation environment inside the ISS. Below, the radiation quantities from the Liulin-5 investigations during these SEP events are discussed and the data are also compared to those during undisturbed radiation conditions.
A typical distribution of Liulin-5 particle flux and dose rate data as a function of the L-value is presented in the upper scatterplot of Figure 6 taken from Semkova et al. (2013c) . The data represent the measurements in detector D1 at 40 mm depth into the phantom during quiet radiation conditions, about 11 h after the end of the SEP events observed on the ISS orbit in March 2012 (see Table 2 ). The two main sources of radiation in LEO (GCRs and the trapped protons of the inner radiation belt in the SAA) are well seen. At L-values 1.1-2 both sources contribute to the measured flux. The first registration of the particle flux and dose rate increase in Liulin-5 data was on 07 March 2012, at 13:01 UT, at L = 3, latitude = À42.3°, longitude = 136.6°, altitude = 415.26 km. This SEP event is discussed in detail in Semkova et al. (2013c) . The increase of the particle flux and dose rates at L > 3 is observed in all three detectors of Liulin-5 located at 40, 60, and 165 mm depths along the radius of the spherical phantom.
In the middle scatterplot of Figure 6 the distribution of the particle flux and the dose rate in the D1 detector of Liulin-5 (at 40 mm depth in the phantom) as a function of L-value for the time interval 07-09 March 2012 is presented. The comparison with the data during quiet conditions (upper scatterplot) shows that there is no increase of the dose rate and particle flux in the region of the SAA during the SEP events. In the bottom scatterplot of Figure 6 the distribution of the particle flux and the dose rate in the D1 detector of Liulin-5 as a function of the L-value for the time interval 14-20 May 2012 (measurements taken at 40 mm depth in the phantom) is presented. A slight increase of the dose rate and the particle flux is observed on 17 May since 09:50 UT to 15:16 UT. The maximum flux was 1.15 part cm À2 s À1 sr À1 and the dose rate reached 14.2 lGy h À1 on 17 May 2012, 09:55 UT at L = 4.8, latitude = À51.3°, longitude = 151°, altitude = 413 km.
In Table 2 the averaged dose rates, quality factors, and dose equivalent rates at 40 mm depth in the phantom obtained outside the SAA during the March 07 and May 17 SEP events, as well as data during quiet radiation conditions before the May 17 SEP event are presented. The table shows that the averaged dose and dose equivalent rates during the March 07 SEP event are higher than the values during non-disturbed conditions. The total additional absorbed dose received from the solar energetic particles was about 180 lGy, thus the additional dose equivalent was approximately 448 lSv. These values are comparable to the daily absorbed dose and dose equivalent at that depth during quiet periods in 2012 .
It is also evident that the averaged dose rate, quality factor , and dose equivalent rate obtained outside SAA during the May 17 SEP event are comparable to those during the quiet period before the SEP event and that the radiation conditions in the phantom were practically not affected by the May 17 SEP event.
Comparison of Liulin-5 dose rates and GOES proton fluxes during SEP events in 2012
In the upper plot of Figure 7 the proton flux F with energies !100 MeV measured by GOES-13 from 07 to 10 In the bottom plot of Figure . Because of that the dose rate and the particle flux in the ISS did not increase significantly during that SEP event and the SEP event did not affect practically the radiation conditions in the spherical phantom.
During 2012 there were 11 more SEP events listed in http://www.swpc.noaa.gov/ftpdir/indices/SPE.txt for which GOES proton > 10 MeV flux exceeded the threshold of 10 part cm À2 s À1 sr
À1
. In three of them -those on 27 May, 16 June, and 01 September there was no change in the GOES proton > 100 MeV flux. During 5 SEPs (on 13 March, 07 July, 12 July, 17 July, and 28 September) the GOES proton flux with energies greater than 100 MeV showed either a slight enhancement or a slight increase. On 23 January 2012 the GOES proton > 100 MeV flux reached only 2 part cm À2 s À1 sr
. During the SEP on 27 January the GOES proton > 100 MeV flux increased for about 2 h around 21 UT, but the flux was weak -22 part cm À2 s À1 sr À1 at maximum and the ISS was at very low L-values. (All data for GOES proton fluxes are taken from http://www.swpc.noaa.gov/ftpdir/warehouse/2012/ 2012_plots/proton and from ftp://ftp.ngdc.noaa.gov/STP/ swpc_products/weekly_reports/PRFs_of_SGD/2012/). Thus all these SEP events did not affect significantly the Liulin-5 data either due to the L value location or due to the intensity of the SEPs. The dosimeter-radiometer Liulin onboard the Mir space station ) was designed for measuring the absorbed dose and flux of penetrating particles using a silicon detector 300 lm thick and 2 cm 2 area. The device was located in the work section of the space station where the estimated mean mass shielding was about 6-15 g cm
À2
, therefore the main contribution to the device readings was made by electrons and protons with energies outside of the station respectively Ee > 10 MeV, and Ep > 100 MeV. Liulin was in active operation on Mir from 1989 to 1994. Liulin has collected data about the radiation environment during a number of SEP events in , June 1991 , and June 1992 (Benghin et al. 1991 Dachev et al. 1992 Dachev et al. , 1998 Petrov et al. 1994; Smart et al. 1994; Shurshakov et al. 1999) . During the measurements in September-October 1989, the Mir space station orbit was at altitude 380-420 km and inclination 51.6°. During the SEP event on 29-30 September 1989 (a solar flare of X9.8 importance) when the space station reached high latitudes in the near-polar geomagnetic regions (L > 3.5) the dose rate and the flux showed a sharp rise up to 2 mGy h À1 and 150 cm À2 s
À1
, respectively. The flux exceeded 150 times and the dose rate exceeded 500-600 times the common values for those regions in the absence of SEPs.
In the upper plot of Figure 8 , about five times larger than in the 07 March 2012 event at 13:06 (the maximum in Liulin-5 data) when it was~50 cm À2 s
; (2) the two instruments were behind different shielding: the shielding for Liulin on Mir is evaluated to be 6-15 g cm
À2
; that of Liulin-5 on the ISS, when it was in the PIRS module, was 2-20 g cm À2 for D1. Our estimations show that the shielding for Liulin-5 while it is in the phantom behind panel 206 in the MIM1 module is greater than in the PIRS module; (3) another cause for the difference could be the different energy spectrum of the SEP events.
The radiation environment on the ISS is observed also by the detectors DB8 of the radiation monitoring system (RMS) since August 2001 (Benghin et al. 2005 (Benghin et al. , 2013 . DB8 is a set of four identical units. Each of the units consists of two silicon detectors. The area of each detector is 1 cm 2 and the thickness is 300 lm. One of the detectors inside each DB-8 unit is protected by a sphere of lead surrounding the detector. The thickness of the lead sphere is 2.5 mm (3 g cm
). The four DB8 units are located behind different shielding in different points inside the ISS Service module. Thus the RMS provides monitoring of the dose rate dynamics in a few points of the ISS Service module. The shielding of DB-8 detectors is 1-600 g cm À2 (least shielded) and 6-600 g cm À2 (most shielded). During the maximum of the 23rd solar cycle (2001) (2002) (2003) (2004) four SEP events were monitored (24 September 2001 , 04 November 2001 , 28 October 2003 , and 30 October 2003 . The absorbed doses and dose equivalents during those events differ in different points depending on the shielding. The largest values were obtained during the SEP event that started on 28 October 2003, when the minimal absorbed dose and dose equivalents were, respectively, 600 lGy and 1.1 mSv at the most shielded point, maximal values reached 6.6 mGy and 12 mSv at the least shielded point. Model extrapolations made by the authors predict 2.6 mSv dose equivalent to the BFOs in the Service module of ISS during that SEP event.
For comparison during the SEP event of 07 March 2012 the minimal absorbed dose measured by DB8 was 550 lGy at the most shielded point and 1.84 mGy at the least shielded shielded point. , and is thus 2-4 times more than the SEP event on 07 March 2012. The shielding of the Liulin-5 detectors during the March 2012 event is greater than that of the most shielded DB-8 (according to Fig. 7 in Semkova et al. 2013c ). The total dose equivalent of the D1 detector of Liulin-5 (shielding approximately as that of BFO in MIM1) from the SEP event on 07 March 2012 is 0.45 mSv and is thus 5.8 times less than the model extrapolation in Benghin et al. (2005) for the SEP event on 28 October 2003.
The proton fluence spectra for the September 1989, October 2003, and March 2012 SEP events were generated using the ESA's Solar Energetic Particle Environment Modelling (SEPEM) application server (http://dev.sepem.oma.be/). A summary of the results obtained during those SEP events from Liulin on the Mir station and from DB8 and Liulin-5 on the ISS, as well as the analytical fits of the total event spectra and peak event spectra for the energy channels of the SEPEM proton reference dataset and reference event list for those SEP events are shown in Table 3 . Both total event and peak event spectra show that >100 MeV proton flux during the September 1989 and October 2003 SEP events is several times higher than that during the March 2012 SEP event. These results show that the radiation doses inside manned space stations during some of the largest SEP events of previous solar cycles were significantly greater in comparison with the doses during the most significant SEP event of the current cycle (that of 07 March 2012).
Conclusion
We analyzed the radiation environment in the ISS as deduced from Liulin-5 data for the period 2012-March 2013 around the maximum of the 24th solar cycle. During this period the Liulin-5 instrument was mounted in the MIM1 module of the ISS either outside or inside the spherical tissue-equivalent phantom of the MATROSHKA-R experiment. The dose rates outside the phantom are 210-240 lGy day
À1
. Near the phantom's center the dose rates are 130-150 lGy day
. This decreasing in the dose rates inside the phantom is mainly due to its self-shielding against the SAA trapped protons. The SAA dose rates are 120-160 lGy day À1 outside the phantom and 50-70 lGy day À1 near the center of the phantom. The GCR dose rates are 70-85 lGy day
. The dose rates from GCRs are practically not affected by the phantom self-shielding. The lowest values of GCR dose rates are observed in July-August 2012, when the detector module was located outside the phantom. This GCR behavior is consistent with the Oulu neutron monitor count rate data for the same period.
The main results regarding measurements performed during the SEP events are as follows:
-During the SEP events on 07-12 March 2012 at L > 3 the particle flux and dose rates increased in all three detectors of the Liulin-5 charged particle telescope located at 40, 60, and 165 mm depths along the radius of the tissueequivalent spherical phantom. The maximum flux at 40 mm depth outside the SAA during the SEP events was 7.2 part cm À2 s À1 and the maximum dose rate was 107.8 lGy h À1 at L = 4, latitude = À51.1°, longitude = 166.8°, altitude = 422 km. The additional absorbed dose, compared to the common values at 40 mm depth in the phantom, received from those SEP events was about 180 lGy and the additional dose equivalent was about 448 lSv. The additional exposures received from the SEPs at depths corresponding to the shielding of the BFOs in the human body are comparable to the averaged daily absorbed dose and dose equivalent measured at those depths in the spherical phantom in the ISS during quiet periods. The Liulin-5 absorbed dose at 40 mm depth in the phantom located in the MIM1 module of ISS for those events is about three times less than the dose by the most shielded DB8 detector of the radiation monitoring system located in the ISS Service module. -On the other hand the SEP event of May 17, 2012 did not cause significant increase of the absorbed dose rate and particle flux inside the phantom. The quality factor and dose equivalent are practically the same as before the event. The reason for that is the low intensity of the SEP event as well as the ISS low L values location when the GOES proton flux with energies greater than 100 MeV was above 5 part cm À2 s À1 .
-During the SEP events in March 07 and May 17, 2012 at L > 3 the trend of the Liulin-5 dose rates is consistent with the proton flux with energies !100 MeV measured by the GOES -13 satellite. -The other 11 SEP events that occurred in 2012 did not produce significant changes in the radiation conditions inside the ISS according to Liulin-5 data either due to the ISS location during the maximum of SEPs or due to the intensity of the SEP event. -The largest SEP events during the 22nd and the 23rd solar cycles caused more severe changes in the radiation conditions on the manned Mir space station and the ISS than the most significant SEP event (07 March 2012) of the current 24th cycle. That is mainly because the 07 March 2012 SEP event was several times less intensive than the most intensive SEP events during the previous cycles.
The Liulin-5 experiment continues onboard the ISS in order to obtain more data about the radiation conditions during the current 24th solar cycle that differs from the previous cycles. The ISS is the only current mission and the only place where dosimetric measurements are performed inside tissue-equivalent phantoms -models of human body. The obtained data from Liulin-5 are of importance for the assessment of the radiation doses in the critical organs of the human body and for assessment of the doses in the human body from environmental radiation measurements, provided by a number of radiation detectors on the ISS. The Liulin-5 experiment results will help to improve the models, that simulate biological doses during long-term human space travel and to provide for accurate radiation risk estimates in future interplanetary manned flights.
